The data suggest that lower COC was associated with increased hospital admissions and ED visits in our study population. Compared with the high COC group, subjects in the low and medium COC groups had 42-82% and 39-46% more hospital admissions, respectively, as well as 75-102% and 41-45% more ED visits, respectively, in 2005. Weaker protective effects of COC were also observed in the subsequent year. Conclusions This study indicates that lower COC is associated with increased hospital admissions and ED visits, even in a health care system that lacks a referral arrangement framework. This suggests that improving the COC is beneficial both for patients and for the health care system.
Introduction Numerous studies have suggested that better continuity of care (COC) can lead to fewer emergency department (ED) visits and fewer hospital admissions. However, these studies were conducted in countries where patients have their own family physician or in countries with referral systems. This study aimed to determine whether the association between lower COC and increased health care utilization may be apparent in a health care system that lacks a family physician or a referral system.
Methods
The study population included a total of 134 422 subjects who made four or more visits to physicians in 2005. Negative binominal regressions were performed to examine the effects of three different COC indices on the numbers of hospital admissions and ED visits in 2005 and in the subsequent year (2006) .
Introduction
Continuity of care (COC) has been reported to be positively associated with health care outcome in primary care settings (Saultz and Lochner 2005) . Better COC is characterized by better interpersonal relationships and better information sharing between patients and their physicians (Haggerty et al. 2003) . Patients with a higher COC score are reported to have fewer emergency department (ED) visits and hospital admissions, which translates into a better primary care outcome in general (Dietrich and Marton 1982) . Numerous studies have examined the effect of COC on the general population regardless of the particular disease Mainous and Gill 1998; Gill et al. 2000; Menec et al. 2005) . Several additional studies have examined the effects of COC among the elderly (Ionescu-Ittu et al. 2007) , among children (Christakis et al. 1999; Christakis et al. 2001) and among infants (Brousseau et al. 2004; Flores et al. 2008) . Other studies have focused on specific diseases such as asthma (Cree et al. 2006) or diabetes (Gulliford et al. 2007) . Importantly, the majority of these studies indicate that better COC is associated with increased patient satisfaction (Gulliford et al. 2007) , the implementation of more preventive care strategies (Menec et al. 2005; Flores et al. 2008) , fewer hospitalizations Mainous and Gill 1998; Christakis et al. 2001; Cree et al. 2006 ) and fewer ED visits (Christakis et al. 1999; Gill et al. 2000; Christakis et al. 2001; Brousseau et al. 2004; Menec et al. 2005; Cree et al. 2006; Ionescu-Ittu et al. 2007) .
Concerns have been raised regarding the study of the effects of COC on health care utilization. First, there is no consensus regarding the best method to measure COC. In a review article, Jee and Cabana (2006) classified COC measures into five categories including the characteristics of duration, density, dispersion, sequence and subjective estimates. The majority of the previous studies used only one COC index in their analyses Mainous and Gill 1998; Christakis et al. 1999; Gill et al. 2000; Christakis et al. 2001; Brousseau et al. 2004; Menec et al. 2005; Cree et al. 2006; Ionescu-Ittu et al. 2007) . Second, the causal relationship between COC and its effects remains controversial because of the timing of the outcome measures. Many previous studies employed COC indices for 1 year to predict the health care utilization in the subsequent year Gill and Mainous 1998; Christakis et al. 2001; Briusseau et al. 2004; Flores et al. 2008) . However, Gill and colleagues (2000) reported that better COC was associated with fewer ED visits in the same year but not in the subsequent year.
Finally, the majority of these studies were conducted in health care systems where patients have their own family physicians or in systems that have a referral arrangement, such as the United States and Canada. However, in many Asian countries, such as Japan, Korea and Taiwan, there is no formal family physician or referral mechanism. People in these countries can choose a particular doctor for an initial visit and subsequently see a different doctor for a separate health care issue without a referral. In this system, the average number of physician visits is significantly higher than the number of reported visits in the United States or Canada (OECD 2009 ).
Health care services in Taiwan
In 2005, there were 22.8 million people living in Taiwan, with a life expectancy of 80.8 years for females and 74.5 years for males. The gross domestic product (GDP) per capita in 2005 was about 15 714 US dollars. There were 556 hospitals and 18 877 community clinics nationwide, with about 15 physicians per 10 000 persons. Notably, all hospitals in Taiwan provide inpatient as well as outpatient services. Taiwan implemented a compulsory national health insurance (NHI) scheme in 1995 to provide health care coverage to all residents. More than 99% of citizens are enrolled in the NHI, and about 96% of the hospitals and 92% of all community clinics nationwide are under contract with the NHI. With universal NHI coverage, people are free to see any doctor provided that they meet the co-payment requirement.
To promote the use of health care services provided by community clinics, the Bureau of NHI implements a four-level co-payment scheme where the patient is responsible for paying US$1.52 for a physician visit in community clinics, US$2.42 for a visit to a district hospital, US$7.27 for a visit to a regional hospital and US$10.91 for a visit to a medical centre facility. The Bureau of NHI also provides an incentive to promote referrals among physicians; a patient referred by a community clinic to a district hospital for a physician visit is only required to pay the minimum co-payment of US$1.52 for that visit. However, very few referrals are made by physicians.
Since the NHI was launched in 1995, empirical studies have found that NHI improved general access to health care (Chen et al. 2007; Wen et al. 2008) . The average number of annual physician visits in Taiwan is one of the highest in the world, about 15 visits per person in 2005. Accordingly, patients in Taiwan are often criticized for their doctor-shopping behaviour, such as changing doctors (Chen et al. 2006) or making unnecessary visits. Various features of Taiwan's health care system may hamper communication or trust between patients and physicians, resulting in the deterioration of COC for patients. Therefore, examining the COC and its effects in Taiwan may offer new contributions to the primary care outcomes literature. This study aimed to examine the effects of three different COC indices on health care utilization, using outcomes of the same year and the following year. We hypothesized that the association between the COC and health care utilization would be apparent in a health care system that lacks a family physician or a referral system.
Methods

Data source
This study used a longitudinal health insurance database compiled for 2005 (LHID2005) from the National Health Insurance Research Database (NHIRD) in Taiwan. The LHID2005 consisted of 25 subsets of randomly selected samples from the entire NHI enrollee population, comprising a total of 1 million subjects. Random sampling was conducted for every subset of 40 000 subjects who were enrolled in the NHI at the end of 2005. There were no significant differences in the distributions of age, gender or average premiums paid between subjects in either the LHID2005 or the nationwide population databases. Thus, the LHID2005 database was considered to be representative of the entire population (National Health Research Institute 2009).
To examine the association between the COC and hospital admissions and ED visits, we used the first five subsets of the LHID2005 to create a sample of 200 000 subjects. The database listed information on every physician visit and ED visit as well as information about the hospital admission of all patients. We excluded subjects who were born after 1 January 2005 to ensure complete follow-up over the entire 2 years. We also excluded those who made no visits to physicians in 2005 and those who registered an extremely high number of physician visits (top 0.2% of the subjects) in 2005.
To increase the comparability of the COC index between all subjects, we excluded visits for procedures, specific diagnoses or services such as outpatient surgery, tuberculosis, dental care, traditional Chinese medicine, preventive health services, long-term care and occupational hazard treatments, etc. As a result, 175 024 subjects were included in the study. To generate a stable and meaningful calculation of the COC indices Mainous and Gill 1998; Gill et al. 2000) , we further included only subjects who recorded four or more physician visits in 2005, to create a study population of 134 422 subjects.
Measurement of variables
Continuity of care After reviewing the indices frequently used in previous studies and the classification proposed in Jee and Cabana (2006) , we selected three types of measure to perform the evaluation, namely the density, the dispersion and the sequence. In terms of density type, we chose the usual provider of care (UPC) index. The UPC index was defined as the number of outpatient visits to the most frequently seen physician divided by the total number of outpatient visits. The UPC index would therefore always be larger than zero, with a higher value corresponding to a higher COC.
With regard to the dispersion type, we chose the continuity of care index (COCI), as proposed by Bice and Boxerman (Bice and Boxerman 1977) . This index measures the dispersion in patient-physician contact and ranges between 0 and 1, with a higher value corresponding to a higher COC. We used the sequential continuity (SECON) index to measure the sequences of physicians being visited. These values also range from 0 to 1, with a higher value representing a better COC status. In our analysis, each of the three COC indices (UPC, COCI and SECON) was divided into three equal tertiles (low, medium and high) consistent with the distribution of scores across the entire study population.
Outcome variables
In this set of analyses, we used the number of hospital admissions and the number of ED visits as the two dependent variables. We excluded admissions or ED visits for diagnoses of injury, poisoning (ICD-9-CM: 850-995) and for diagnoses of all supplementary classification (V-codes), such as chemotherapy.
To improve the robustness of our study, we analysed the effects of COC in the same year (2005) as well as in the subsequent year (2006). 
Other related variables
After reviewing the literature, we incorporated several related factors in our analysis, such as the patient's age, sex, whether the patient was of low-income status, and the physician density of the area in which the patient most frequently sought care. In addition, the patient's health status was associated with hospital admissions and ED visits. We used two proxy indicators to represent health status: the total number of physician visits and the Charlson index in 2005. We used a modified Charlson index that contained 17 categories of comorbidities defined by ICD-9-CM codes (D'Hoore et al. 1996) . To confirm the conditions of a patient, only diagnoses that appeared at least three times in the patient's 2005 claim records were included in the calculation of the Charlson index.
Statistical analyses
Descriptive statistical analyses for the study variables are presented first. Multivariate analysis was used to estimate the effects of COC on hospital admissions and ED visits. This was done controlling for the patient's age, sex, whether the patient was of low-income status, the total number of physician visits, the Charlson index and the physician density of the area. Due to the nature of the discrete numbers of hospital admissions and ED visits recorded by patients in one year, we used a negative binominal regression to examine the effects of COC in the same year (2005) and in the following year (2006).
Results
The basic characteristics of the study population are listed in Table 1 . Included in separate columns are the numbers and percentages of the total sample subjects (n ¼ 175 024), and of the study sample, those with four or more physician visits (n ¼ 134 422). The mean values of the UPC index, COCI and SECON index in the total sample were 0.55, 0.31 and 0.39, respectively, and in the study sample these metrics were 0.49, 0.30 and 0.40, respectively. Across the entire sample, 8.4% of the subjects had missing values for the COCI and SECON index, since they had only one physician visit in 2005 and the indices could not be calculated.
The study sample included more elderly individuals (12.0% vs. 9.9%) and fewer males (45.5% vs. 47.7%) compared with the total sample. The average number of physician visits was 12.69 per person per year in the total sample and 16.00 per person per year in the study sample. The mean number of hospital admissions was 0.11 in the total sample and 0.13 in the study sample, while the average number of ED visits was 0.23 in the total sample and 0.27 in the study sample. Table 2 shows the effects of the three COC indices on the number of hospital admissions and the number of ED visits in 2005 as assessed using the negative binominal models. The exponentials of the regression coefficients are presented. The first index for COC, namely the UPC, was significantly associated with both hospital admissions and ED visits. Subjects in the low and medium UPC groups recorded more hospital admissions (by 68% [(1.68À1) Â 100] and 39%, respectively) than those in the high UPC group. A similar trend was apparent for ED visits, with values of 83% and 41%, respectively.
The COCI, the second index for COC, exhibited similar results. Subjects in the low or medium COCI groups recorded more hospital admissions (increases of 82% and 46%, respectively) than those in the high COCI group. The effect of the COCI was more apparent for ED visits than for hospital admissions, with increases of 102% and 44%, respectively. The third index for continuity of care was the SECON. Subjects in the low or medium SECON groups reported more hospital admissions (increases of 42% and 41%, respectively) than those in the high SECON group. The numbers of ED visits in the low and medium groups were 75% and 45%, respectively, higher than in the high SECON group. All effects exhibited a dose-response trend and achieved a P < 0.001 significance level in the models.
Finally, we examined the effects of COC indices calculated with data from 2005 on hospital admissions and ED visits in 2006. Table 3 shows the results from our negative binominal models for the three COC indices. In general, the protective effects of COC on hospital admissions and ED visits were still significant in the subsequent year and displayed dose-response trends, although the magnitude of the effects was considerably diminished.
Discussion
Without a referral system, Taiwanese patients may visit different physicians for each illness or ailment. Under the NHI comprehensive coverage framework, patients are allowed to visit either a family medicine physician or specialists such as paediatricians, gynaecologists or dermatologists. It is reasonable to assume that since Taiwanese patients have easy access to health care services and a high average number of physician visits each year, the distribution of COC values may vary more significantly in Taiwan than in the United States or Canada, where family physicians arrange the requisite referrals for their patients. Therefore, data used in the present study may in fact be more sensitive to associations between COC and hospital admissions and ED visits than data used in previous studies.
The results of this study suggest that better COC is associated with fewer hospital admissions and ED visits in a health care system that lacks a referral arrangement. The findings are consistent with previous studies conducted in countries where patients have family physicians or a referral system Mainous and Gill 1998; Gill et al. 2000; Menec et al. 2005) . However, due to the differences in the health care delivery system, the effects of COC found in this study could not be directly compared with those in previous studies. Gill and colleagues argued that the COC may be associated with ED visits in the same year but not in the subsequent year; thus, the COC in one year may not predict the COC in the subsequent year (Gill et al. 2000) . Moreover, we concluded that the correlations of the three COC indices between 2005 and 2006 were moderate, with correlation coefficients that ranged from 0.44 to 0.50 (results not shown). This moderate correlation may be due to the fact that patients presented with different illnesses and visited different doctors during the 2-year study, or it may be due to patients changing their care-seeking behaviour. Nevertheless, we found that better COC in 2005 had a statistically significant, yet weaker, protective effect on hospital admissions and ED visits in 2006.
We note several limitations to this study. The NHI claims data do not necessarily contain all of the health care utilization records of the subjects. For example, cosmetic surgery is not covered by the NHI. Therefore, to avoid bias, we excluded from the analysis subjects who had undergone any outpatient surgical procedures. It is also important to note that we did not include certain patient characteristics that may simultaneously affect both the COC and certain outcome measures such as the severity of illness. In addition, patients who are more ill are more likely to record higher COC scores, which also translates into more hospital admissions and ED visits. We included two proxy indicators, namely the Charlson index and the number of physician visits, which are similar to those used in previous studies (Ionescu-Ittu et al. 2007) . However, better controls may be required when analysing the effects of COC in a health care system that lacks a referral arrangement.
Conclusion
In conclusion, using a nationally representative sample and three COC indices, our results suggest that lower COC is associated with increased hospital admissions and ED visits in a health care system that lacks a referral arrangement. The findings also imply that the relationship between the patient and physician exerts positive effects on health care utilization. This study concludes that improving the COC is beneficial both for patients and for the health care system.
